Purpose This study aims to assess outcomes and characteristics associated with resection of metastatic renal cell carcinoma (mRCC) to the pancreas. Materials and Methods From April 1989 to July 2012, a total of 42 patients underwent resection of pancreatic mRCC at our institution. We retrospectively reviewed records from a prospectively managed database and analyzed patient demographics, comorbidities, perioperative outcomes, and overall survival. Cox proportional hazards models were used to evaluate the association between patient-specific factors and overall survival. Results The mean time from resection of the primary tumor to reoperation for pancreatic mRCC was 11.2 years (range, 0-28.0 years). In total, 17 patients underwent pancreaticoduodenectomy, 16 underwent distal pancreatectomy, and 9 underwent total pancreatectomy. Perioperative complications occurred in 18 (42.9 %) patients; there were two (4.8 %) perioperative mortalities. After pancreatic resection, the median follow-up was 7.0 years (0.1-23.2 years), and median survival was 5.5 years (range, 0.4-21.9). The overall 5-year survival was 51.8 %. On univariate analysis, vascular invasion (hazard ratio, 5.15; p=0.005) was significantly associated with increased risk of death. Conclusions Pancreatic resection of mRCC can be safely achieved in the majority of cases and is associated with long-term survival. Specific pathological factors may predict which patients will benefit most from resection.
Introduction
Renal cell carcinoma (RCC) is an important cause of mortality in the USA and will account for an estimated 13,680 deaths in 2013. 1 For primary RCC, surgical resection by total or partial nephrectomy is the principal treatment modality and offers the possibility of cure. Unfortunately, 25 % of patients diagnosed with RCC have locally advanced or metastatic disease at the time of diagnosis and are therefore not candidates for resection. 2 Additionally, of those who undergo surgical resection for localized disease, nearly half will develop metastases later in life. 3 Prognosis is poor once metastatic disease has developed, with 5-year survival less than 15 %. site of metastatic RCC (mRCC) is the pancreas. While pancreatic metastases of nonrenal neoplasms are generally encountered only in the setting of widespread systemic disease, RCC frequently spreads to the pancreas as an isolated lesion, making it amenable to surgical resection. 6 , 7 In recent years, our institution and others have described this finding in multiple series.
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Improved recognition of this unique clinical entity, in combination with advances made in pancreatic surgery over the past several decades, 11 has better defined the role of pancreatic resection in treating this patient population.
Previous reports on surgical resection of metastatic RCC, including our own, consist of relatively small series of patients, and our understanding of outcomes remains limited. We have previously reported preliminary findings in 21 patients who underwent pancreatic resection for metastatic RCC. In the present study, we update our experience with pancreatic metastatectomy for renal cell carcinoma in 42 patients-the largest single-institution series to our knowledge. Additionally, with a larger cohort, we attempted to further evaluate clinical and pathological factors associated with long-term survival, aiming to identify patient subgroups that may benefit most from surgical intervention.
Materials and Methods
The Johns Hopkins pancreatic resection database contains prospectively collected data for all pancreatic resections performed at our institution since 1970. Forty-two patients were identified who underwent pancreatectomy for metastatic renal cell cancer spanning from April 1989 to July 2012. This retrospective analysis was approved by the Institutional Review Board at the Johns Hopkins Medical Institutions and complied with Health Insurance Portability and Accountability Act regulations.
All patients had a diagnosis of primary RCC and a pancreatic specimen consistent with metastatic RCC on final pathology. Primary kidney lesions were not reviewed at our institution if resected at an outside institution. Patients with synchronous and metachronous metastases were included in this analysis. For this analysis, we excluded all patients with primary pancreatic malignancies or primary renal tumors that involved the pancreas by direct extension.
Patient demographics, medical comorbidities, biochemical data, and operative and perioperative outcomes were assessed. Delayed gastric emptying, pancreatic fistula, and biliary anastomotic leak were defined as previously reported, 12 and complications were classified by the Clavien grading system. 13 Perioperative mortality was defined as death during the initial hospitalization or within 30 days of the operative date. Survival was determined from hospital records in conjunction with the US Social Security Death Index.
14 Survival data were available for 41 of 42 subjects; one subject left the USA and was censored at the time of last follow-up. No other subjects were lost to follow-up. In patients who did not experience perioperative mortality, survival analysis was performed using the KaplanMeier method. Subjects who did not reach an outcome were censored at the time of analysis. Cox proportional hazard analysis was used to estimate hazard ratios based on specific covariates. Multivariate regression models were not created due to the low number of patients and events. A p value of <0.05 was considered statistically significant.
Results

Patient Characteristics
From April 1989 to July 2012, 42 patients underwent pancreatic resection at our institution for mRCC. Patient demographic information and presenting symptoms are listed in Table 1 . Twenty-five patients (59.5 %) were male, and median patient age was 66.4 years (range, 32.0 to 86.8). The majority of subjects (54.8 %) were asymptomatic at the time of presentation. Among those with clinical findings, recent weight loss was the most common finding (23.8 %), and abdominal pain (16.7 %) was the most common symptom. Four patients (9.5 %) presented with synchronous primary RCC of the kidney and isolated metastases of the pancreas, while the remaining 38 (90.5 %) patients had metachronous disease. The mean time from nephrectomy to pancreatic resection was 11.2 years (median, 11.5; range, 0-28.0). Of the 38 patients with metachronous disease, eight (21.1 %) had undergone at least one metastatectomy prior to that of the pancreas. Table 2 lists the history of procedures and interval times in these patients.
Operative Details and Complications
Seventeen patients (40.5 %) underwent a pancreaticoduodenectomy, 11 (64.7 %) of which were pylorus preserving. Sixteen patients (38.1 %) underwent a distal pancreatectomy, and nine (21.4 %) had a total pancreatectomy. An en bloc splenectomy was performed with the distal pancreatectomy in 15 of 16 cases. No patients in this cohort underwent laparoscopic procedures. The median length of hospital stay was 8 days for all operations (range-5-57 for pancreaticoduodenectomy, 5-24 for distal pancreatectomy, and 7-28 for total pancreatectomy). The proportion of subjects who experienced one or more complications during their index admission was 46.7 % for pancreaticoduodenectomy, 43.8 % for distal pancreatectomy, and 33.3 % for total pancreatectomy.
Information on postoperative complications is contained in Table 3 . The majority of complications were either grade I (no intervention) or grade II (pharmacologic intervention or parenteral nutrition). The most common postoperative complication was delayed gastric emptying (n=6, 14.3 %); three such cases underwent endoscopy (grade IIIa). An additional six patients (14.3 %) had a pulmonary complication. Two reoperations (grade IIIb) were necessary, one due to an ISGPF grade C pancreatic fistula 15 and one due to a biliary leak. An additional patient required transfer to the intensive care unit (grade IV) for hypoxemia as a result of aspiration. Two patients died in the immediate postoperative period (grade V). Retrospective review of these cases suggested aspiration leading to cardiac arrest and massive gastrointestinal hemorrhage, most likely resulting from a pseudoaneurysm, were the underlying causes of death, respectively.
Pathological Characteristics
Detailed pathological information is contained in Table 4 . The median tumor size was 3.8 cm (range, 0.8-10.5), and 37 patients (88.1 %) had negative surgical margins (R0). Among distal pancreatectomy specimens, two were found to have a positive proximal pancreatic margin, and one had a positive splenic vein margin. In specimens obtained from pancreaticoduodenectomy, one revealed a positive margin at the uncinate process abutting the superior mesenteric vein, and another had microscopic evidence of tumor at the proximal duodenal margin. Lymph node status was available in 39 patients and positive in 2 (5.1 %). Pathology revealed vascular invasion in 11 patients (26.2 %).
Survival Analysis
Using the Kaplan-Meier method, the median follow-up after pancreatic resection was 7.0 years (range, 0.1-23.2), and the median survival after resection was 5.5 years (range, 0.4-21.9) (Fig. 1) . The 5-year survival rate was 51.8 %. When stratified by the presence of vascular invasion, median survival was 6.2 years in subjects without invasion and 1.8 years in those with invasion (log-rank test of survival, p=0.012) (Fig. 2) . Table 5 demonstrates the Cox proportional hazards model for survival. On univariate regression, vascular invasion was a significant predictor of survival (hazard ratio (HR)=5.15, p=0.005). Positive surgical margin status and lymph node M1 first metastatectomy, M2 second metastatectomy, M3 third metastatectomy, CL contralateral to primary RCC site involvement were associated with increased hazard ratios for mortality, but these findings were not statistically significant. Presentation with synchronous primary RCC and pancreatic metastases did not significantly predict survival, nor did the time interval from nephrectomy to metastatectomy or history of a prior metastatectomy (Table 5 ).
Discussion
As previously described, RCC appears to have a predilection for metastasizing to the pancreas. 5 Based on our data and those of others, pancreatic mRCC represents a unique clinical entity, largely characterized by three presenting features: an extended disease-free interval after initial nephrectomy, with the median interval ranging from 6 to 12 years; frequent discovery in the asymptomatic patient; and the presence of isolated metastasis in the absence of widespread disease. 9 These findings emphasize the importance of long-term follow-up after initial nephrectomy, as well as maintaining a high index of suspicion during surveillance.
Outcomes following pancreatic resection of mRCC have been largely favorable. We have previously reported our experience in a series of 21 patients. 10 Herein, we have updated this experience and describe 42 patients who have undergone pancreatic resection for mRCC at our institution. Notably, our series demonstrates a perioperative mortality rate (4.8 %) higher than other mRCC cohorts and higher than our overall experience with pancreatectomy. We believe this is secondary to the limited sample size on which we have reported and find no reason to believe that resection of mRCC presents greater mortality risk than resection of other pancreatic lesions. Aggregate data reporting on this phenomenon support this assertion. Our findings are otherwise consistent with other North American series 16 , 17 but differ from some centers, which have reported 5-year survival rates This discrepancy may be attributable to the duration of follow-up after pancreatic resection. While our median duration of follow-up was 7 years, studies citing higher 5-year survival report median follow-up of less than 3 years, indicating that survival rates were calculated using only a fraction of subjects in already underpowered studies. Another potential cause of observed differences is preoperative risk, as all patients who underwent resection in one series were in the favorable risk group based on the validated scoring scheme from Memorial Sloan-Kettering. Unfortunately, our database did not contain all necessary variables to calculate this risk score in our patient population. Nonetheless, additional study and follow-up will help to clarify long-term survival rates and better establish patientlevel factors impacting prognosis.
While resection appears to be associated with positive outcomes, clinical predictors of survival are not well established in this population. Synchronous presentation of primary RCC and pancreatic metastasis is a rare phenomenon and occurred in only four (9.5 %) patients in this series. Our findings were consistent with accumulated data which have observed no relationship between synchronous disease and survival. 20 In subjects with metachronous presentation, the mean interval from nephrectomy to pancreatic recurrence was 11.2 years. As demonstrated in composite data from previous reports, the disease-free interval from nephrectomy to pancreatic metastatectomy was not predictive of overall survival. 5 While others have reported a trend toward increased survival in asymptomatic patients, 21 we found no such association. The biological factors that differentiate RCC of the pancreas from that of other sites remain unclear. Nonetheless, the behavior of renal cell tumors which reach the pancreas is encouraging. In fact, pancreatic metastatectomy compares favorably even to pulmonary metastatectomy, which is standard practice for mRCC of the lung.
5 , 22 Even considering only those tumors confined to the pancreas, the biology of mRCC appears variable, as up to half of patients will have multiple foci of pancreatic disease.
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Accordingly, we observed multifocal disease in 43 % of patients. Also consistent with previous reports, we did not observe a significant relationship between multifocality and Fig. 2 Kaplan-Meier estimates of overall survival following pancreatectomy in subjects with and without vascular invasion on final surgical pathology. Time zero was defined as the date of pancreatectomy The mechanism by which RCC reaches the pancreas is controversial, and both hematogenous and lymphatogenous spread have been considered. As we have previously described, there appears to be no relationship between the primary site of disease (i.e., right or left kidney) and the localization of pancreatic metastases (i.e., head, neck, tail). This may further support a hematogenous mechanism of metastasis, whereas a strong relationship between primary site and pancreatic localization would support local spread. Notably, we observed lymph node positivity in only 2 (5.1 %) of 39 patients in which lymph node status was assessed, and lymph node positivity has been exceedingly rare in other reports of this population. 24 Conversely, vascular invasion was present in 26.2 % of patients. The high rate of vascular invasion and the rarity of lymphatic involvement in this analysis may further support the predilection of RCC to metastasize via the vasculature.
While vascular invasion was the lone significant predictor of outcome in this study, other factors may certainly play a role. However, due to small patient numbers and large confidence intervals, they may not be predictive in current modeling techniques. For instance, lymph node invasion was only present in two patients, one of which experienced a rapid recurrence of disease and demise. Consistent with this, there is evidence that lymphadenectomy may provide therapeutic benefit in some patients. 25 In light of these findings, we should reconsider the suggestion that peripancreatic nodal resection is of limited importance in the setting of metastatic RCC. Regardless, nodal status can provide staging information helpful in selecting among new agents for treating metastatic disease.
Nonetheless, vascular invasion is emerging as a very important prognostic factor in the setting of RCC. Pichler et al. recently reported that supplanting the Leibovich score with vascular invasion status improved the ability to predict subsequent mRCC after primary resection. 26 In this study, we have found vascular invasion after metastatectomy is a significant predictor of death. Combining insight gained in this report with previous information, such as the Memorial Sloan-Kettering scoring scheme, should allow for better identification of appropriate surgical candidates.
Although we believe this to be the largest single-institution series of pancreatic resection for metastatic RCC, the modest sample size limits our ability to draw more definitive conclusions. In addition, this was not a controlled study in which surgically resected patients were compared to a similar group of patients treated medically, and information regarding adjuvant therapies was not available and therefore was not included in our analysis. On the other hand, the consistency with which clinical and pathological data are measured and recorded at our institution is a notable strength of this study.
Ultimately, based on our findings and others, we feel the most important considerations in selecting patients for operative treatment are control of primary cancer site, absence of extrapancreatic disease, resectability of metastases based on local vessel relationships, and the patient's ability to tolerate pancreatectomy. Factors surrounding presentation such as disease-free interval, multifocality on imaging, and the presence or absence of symptoms seem to have little effect on survival and should not preclude surgery in otherwise good candidates. Pathological factors such as vascular invasion and nodal involvement may be best utilized in counseling patients regarding prognosis following metastatectomy.
Conclusions
Renal cell cancer metastatic to the pancreas is a unique clinical entity and necessitates long-term follow-up after treatment of primary RCC. Our findings indicate that pancreatic resection of metastatic RCC can be safely and feasibly achieved in the majority of cases and is associated with long-term survival. In light of advancements in systemic therapy for RCC, continued reporting of surgical outcomes will be necessary to better define the role of surgery in the management of metastatic RCC.
